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ABSTRACT 


Tests  were  conducted  in  Tunnel  D  of  the  von  Karman  Gas  Dynamics 
Facility  to  investigate  sting  support  interference  effects  on  the  dynamic 
and  static  stability  characteristics  of  a  10-deg  half-angle  cone.  A  free 
oscillation,  cross-flexure  pivot  balance  system  was  used. 

Data  were  obtained  at  Mach  numbers  of  2.  5,  3.0,  and  4.  0  at  Reyn¬ 
olds  numbers  ranging  from  0.  45  x  10^  to  10.  2  x  106.  Selected  test 
results  are  presented,  and  comparisons  are  made  with  first-  and  second- 
order  potential  flow  theory  and  conical  flow  theory. 
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Reference  length  (model  base  diameter),  in. 

Diameter  of  sting,  in. 

Frequency  of  oscillation,  cycles/sec 

Model  moment  of  inertia  about  the  pivot  axis,  slug -ft  2 
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1.0  INTRODUCTION 


Tests  were  conducted  during  the  period  from  June  29,  1964  to  July  14, 
1964  in  the  Gas  Dynamic  Wind  Tunnel,  Supersonic  (D)  of  the  von  Karman 
Gas  Dynamics  Facility  (VKF),  Arnold  Engineering  Development  Center 
(AEDC),  Air  Force  Systems  Command  (AFSC).  These  tests  were  in  sup¬ 
port  of  sting  interference  studies  to  be  conducted  in  the  VKF  Mach  10  tun¬ 
nel  at  the  request  of  the  Air  Force  Flight  Dynamics  Laboratory  (AFFDL), 
AFSC,  for  the  General  Electric  Missile  and  Space  Division. 

The  Mach  10  interference  studies  will  utilize  a  transverse -rod  model 
support  in  conjunction  with  dummy  stings  to  assess  the  interference  effects 
of  sting  diameter  and  length.  These  data  will  be  compared  with  data  ob¬ 
tained  with  a  sting  support  system  (Ref.  1)  in  order  to  determine  the  rela¬ 
tive  interference  effects  of  sting  and  transverse -rod  supports.  The  objec¬ 
tives  of  the  present  tests  were  to  supplement  the  tests  in  the  Mach  10 
tunnel  by  determining  the  effects  of  sting  diameter  and  sting  length  on  the 
damping -in -pitch  derivatives  (Cmq  +  Cm*)  and  on  the  slope  of  the  pitching- 
moment  curve  (Cm0>  at  M^  =  2.5  througlml.  0. 

A  low  amplitude  (±3  deg),  free  oscillation  balance,  incorporating  a 
cross-flexure  pivot,  was  used  throughout  the  tests.  Data  were  obtained 
on  a  10-deg  half-angle  cone  at  Mach  numbers  2.  5,  3.  0,  and  4.  0  at  Reyn¬ 
olds  numbers  ranging  from  0.  45  x  10*3  to  10.  2  x  10^. 


2.0  APPARATUS 


2.1  WIND  TUNNEL 

Tunnel  D  (Fig.  1)  is  an  intermittent,  variable -density  wind  tunnel  with 
a  manually  adjusted,  flexible  plate-type  nozzle  and  a  12-  by  12 -in.  test 
section.  The  tunnel  operates  at  Mach  numbers  from  1.  5  to  5  at  stagnation 
pressures  from  about  5  to  60  psia  and  at  stagnation  temperatures  up  to 
about  80°F.  A  description  of  the  tunnel  and  airflow  calibration  information 
may  be  found  in  Ref.  2. 


2.2  MODEL 

The  model  was  a  10-deg  half-angle  cone  constructed  of  aluminum,  and 
provisions  were  made  to  add  ballast  to  locate  the  model  center  of  gravity 
exactly  at  the  balance  pivot  axis.  The  model  geometry  is  shown  in  Fig.  2. 


Manuscript  received  October  1964. 
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2.3  STING-BALANCE  SYSTEM 

The  dynamic  stability  balance  (Fig.  3)  is  a  one-degree-of-freedom, 
free  oscillation,  sting-supported  system  incorporating  a  cross-flexure  as 
the  pivot.  The  balance  is  designed  for  an  initial  displacement  amplitude 
of  about  3  deg.  The  model  could  be  initially  displaced,  released,  and 
locked  from  outside  the  tunnel  by  the  manually  operated  cables  shown  in 
Fig.  3. 

The  basic  sting  diameter  was  0.  8  in.  Three  aluminum  sleeves  were 
used  to  provide  the  four  sting  diameter  ratios  (ds/d  =  0.  2,  0.  4,  0.  6,  and 
0.  8)  to  be  used  during  the  test.  Windshields  were  also  provided  to  slide 
along  each  sting  to  vary  the  sting  length  ratio  from  i s/d  =  0.  75  to  3.  00. 
Figure  4  shows  a  typical  model,  sting,  windshield  arrangement  installed 
in  Tunnel  D. 


3.0  INSTRUMENTATION 


The  angular  displacement  of  the  model  was  monitored  by  a  strain- 
gage  bridge  mounted  on  a  side  cross-flexure.  A  continuous  time-resolved 
record  of  the  outputs  of  the  strain  gage  was  obtained  on  a  direct-writing 
oscillograph.  The  model  base  pressure  was  measured  by  means  of  an  ex¬ 
ternal  pressure  transducer.  The  tunnel  D  automatic  data-handling  system 
was  used  to  tabulate  tunnel  parameters  and  the  output  of  the  pressure 
transducer. 


4.0  PROCEDURE 


The  equations  of  motion  for  a  free  oscillation,  one-degree-of-freedom 
system  may  be  expressed  as 

Id  -  M'e6  -  Med  =  0 

The  method  for  computing  the  dimensionless  damping -in -pitch  derivatives 
is  indicated  by  the  following  expressions: 

6  =  dQ  e  “  sin  t 

Mfl  =  -JJltnR - 

CyR 

M  6  =  M0w  “  M(9v 
Cmq  +  Cm<.  =  IA'q  (2V00/q00Ad2) 
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The  expression  for  obtaining  the  aerodynamic  viscous -damping 
parameter  (M'£)  is  based  on  the  premise  that  the  structural  damping 
of  a  cross-flexure  pivot  varies  inversely  with  the  frequency  of  oscilla¬ 
tion  (Ref.  3). 

The  change  in  model  oscillation  frequency  from  the  wind- off  condition 
to  the  wind-on  condition  may  be  used  to  obtain  the  slope  of  the  pitching- 
moment  curve  by  the  following  expressions: 

«  =  V-Mfl/I 

M  '6  =  -  Md 

W  V 

M'd  =  [(fw/fv)2  -  l] 

Cm6  =  M'd/qxM 

After  steady-state  conditions  in  the  tunnel  had  been  established,  the 
base  pressure  data  were  recorded  by  the  automatic  data  system  while 
the  model  was  locked.  The  model  was  then  displaced  to  an  initial  ampli¬ 
tude  of  approximately  3  deg  (except  for  the  3.  2 -in.  -diam  sting  where  the 
model  was  displaced  to  approximately  2  deg)  and  released,  with  the  result¬ 
ing  oscillatory  motion  being  recorded  on  the  oscillograph. 

Four  stings  with  diameter  ratios  (ds/d)  varying  from  0.2  to  0.8  were 
tested.  Windshields  were  used  to  vary  the  sting  length  ratio  (£s/ d)  from 
0.  75  to  3.  00. 

Tests  were  conducted  over  a  Mach  number  range  of  2.  5  to  4.  0  at 
Reynolds  numbers  ranging  from  0.45  x  10^  to  10.  2  x  106.  A  summary 
of  test  conditions  is  presented  in  Table  1. 

5.0  PRECISION  OF  MEASUREMENTS 


The  balance  was  calibrated  during  bench  tests  both  before  and  after 
the  test,  and  check  calibrations  were  made  before  and  after  each  run  to 
determine  if  any  changes  in  calibration  factors  had  occurred.  The  dis¬ 
placement  calibration  factor,  which  was  obtained  by  use  of  known  dis¬ 
placements  and  moments,  was  within  ±1  percent  of  the  maximum  value 
of  the  range  in  which  it  was  calibrated. 
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Uncertainties  in  the  slope  of  the  pitching -moment  curve  (Cmg)  and 
the  damping -in -pitch  derivatives  (Cmq  +  Cmi(j)  occur  from  the  following 
sources  of  error: 

1.  The  previously  mentioned  error  in  displacement 
calibration. 

2.  Because  the  aerodynamic  damping-  and  restoring-moment 
parameters  (M'@  and  M'e)  are  determined  as  the  differ¬ 
ence  in  wind-on  and  wind-off  conditions. 

3.  The  uncertainty  in  determining  the  model  moment  of  inertia 
(I)  and  the  angular  frequency  of  oscillation  (u). 

Also  the  damping  derivatives  are  affected  by  the  uncertainties  in  the 
amplitude  ratio  (R). 

As  a  result  of  the  above  sources  of  error,  the  uncertainties  in 
Cmq  +  Cm .  and  Cm0  over  the  Reynolds  number  range  presented  in  this 
report  arenas  follows: 


M„  =  2.  5 
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6.0  RESULTS  AND  DISCUSSION 


Typical  experimental  results  are  shown  in  Fig.  5  for  ds/d  =  0.4  at 
Mach  numbers  2.5,  3.0,  and  4.0  for  a  range  of  Reynolds  numbers  and 
sting  lengths.  Theoretical  values  of  the  damping- in- pitch  derivatives 
(first  and  second-order  potential  flow  theory.  Ref.  4)  and  of  the  slope 
of  the  pitching- moment  curve  (conical  flow  theory)  are  presented  in 
each  figure. 

In  addition  to  dynamic  and  static  stability  data,  base  pressure  meas¬ 
urements  were  made  because  base  pressure  is  very  sensitive  to  support 
interference.  Regarding  the  base  pressure  ratio  curve  for  the  greatest 
sting  length  (l!s/d  =  3.00)  as  a  reference  (minimum  support  interference 
due  to  length).  Fig.  5  shows  that  interference  effects  due  to  sting  length 
are  present.  The  base  pressure  data  and  schlieren  photographs  (Fig.  5) 
show  that  the  Reynolds  number  range  was  sufficient  for  a  transitional  and 
fully  turbulent  wake.  Minimum  base  pressure  was  used  to  indicate  when 
transition  was  near  the  model  base  (Refs.  5  and  6).  For  ig/d  =  3.  00,  wake 
closure  was  obtained  throughout  the  Reynolds  number  range.  At  is/d  =  0.  75, 
the  wake  did  not  attach  to  the  sting  and  the  base  pressure  increased,  which 
therefore  showed  support  interference. 

The  damping -in- pitch  derivatives  and  the  slopes  of  the  pitching -moment 
curves,  shown  in  Fig.  5,  appeared  to  follow  the  variation  of  base  pressure, 
i.  e.  ,  the  dynamic  stability  coefficient  and  the  static  stability  derivative 
were  a  maximum  and  minimum,  respectively,  when  the  base  pressure  was 
!  a  minimum.  It  is  evident  in  Fig.  5  that  variations  in  Reynolds  number, 
which  produced  changes  in  the  model  boundary  layer  and  wake,  resulted  in 
greater  changes  in  the  damping -in -pitch  derivative  and  the  static  stability 
parameter  than  did  the  changes  in  the  support  geometry. 

Figure  6  shows  the  dynamic  and  static  stability  parameters  for  the 
variation  of  sting  diameter  ratio  (ds/d)  from  0.  2  to  0.  8  at  Mach  numbers 
3.  0  and  4.  0  and  from  0.  4  to  0.  8  at  Mach  number  2.  5  for  Jls/ d  =  3 . 00. 
Increasing  the  sting  diameter  did  not  produce  large  variations  in  either  the 
dynamic  stability  derivative  or  the  static  stability  parameter. 

The  theory  presented  in  Figs.  5  and  6  shows  fair  agreement  with  the 
levels  of  the  damping -in -pitch  derivatives  and  the  slopes  of  the  pitching- 
moment  curves. 
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7.0  CONCLUSIONS 


Tests  were  conducted  in  Tunnel  D  to  determine  the  effects  of  sting 
support  interference  on  the  dynamic  and  static  stability  characteristics 
of  a  10 -deg  half -angle  cone. 

Data  were  obtained  at  Mach  numbers  2.  5  through  4.  0  and  at  Reynolds 
numbers  ranging  from  0.  45  x  10^  to  10.  2  x  106,  Conclusions  based  on  the 
results  presented  in  this  report  are  given  below. 

1.  Variations  in  Reynolds  number  produced  greater  variations 
in  the  dynamic  and  static  stability  parameters  than  did  the 
changes  in  support  geometry. 

2.  Increasing  the  sting  diameter  from  0.  4d  to  0.  8d  at 
Mm  =  2.5  and  from  0.  2d  to  0.  8d  at  M,,,  =  3  and  4  for 
Hs/d  =  3.  00  produced  no  large  variations  in  the  damping- 
in-pitch  derivatives  or  in  the  slopes  of  the  pitching- 
moment  curves. 
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TABLE  1 
TEST  SUMMARY 


M 

00 

as/d 

Vd 

Re^  x  10”^ 

6 ,  deg 

2.5 

0.4,  0.6 

0.75,  1.50,  2.25,  3.00 

0.98  10.20 

±2.0 

2.5 

0.8 

0.75,  1.50,  2.25,  3.00 

0.99  -*  5.95 

±1.5 

3.0 

0.2 

1.00,  2.00,  3.00 

0.77  -►  4.69 

±2.0 

3.0 

0.4,  0.6 

0.75,  1.50,  2.25,  3.00 

0.  75  -►  9.25 

±2.0 

3.0 

0.8 

0.75,  1.50,  2.25,  3.00 

0.75  -♦  6.40 

±1.5 

4.0 

0.  2 

1.00,  2.00,  3.00 

0.45  -*>  5.65 

±2.0 

4.0 

0.4,  0.6 

0.75,  1.50,  2.25,  3.00 

0.46  -►  5.35 

±2.0 

4.0 

0.8 

0.75,  1.50,  2.25,  3.00 

0.45  -►  5.35  i 

±1.5 
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First-  and  Second- 
Order  Potential  Flow 
Theory,  Ref.  4 
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4.0  6.0  8.0  10 

Re.x  10'6 


'  L  -  Laminar  Flow  at  Base 
T  -  Turbulent  Flow  at  Base 
Solid  symbols  represent  conditions 
for  which  photographs  are  shown. 


Conical  Flow 
Theory 
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Solid  symbols  represent  conditions 
for  which  photographs  are  shown. 


ud/ZVo  ds/d 
0.010  to  0.013  oT 


-  Laminar  Flow  at  Base 

-  Turbulent  Flow  at  Base 


First-  and  Second- 
Order  Potential  Flow 
Theory,  Ref.  4 


Solid  symbols  represent  conditions 
for  which  photographs  are  shown. 


L  -  Laminar  Flow  at  Base 
T  -  Turbulent  Flow  at  Base 


and  Base  Pressure  Ratio  versus  Sting  Diameter  Ratio  for  ,$s/d  =  3 
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